In an automatic design process for very large scale integration/printed circuit board (VLSI/PCB), routing problem is one of the most important and crucial part after components placement phase. This process is notoriously difficult, and a problem consists of a set of two-pin nets, is known to be NP-complete. In this problem, we considered a rectangular mesh network with all the location for blocks with pins on the boundaries and obstacles is predefined. Given a set of two-pin nets, our goal is to establish connections in the network by avoiding all the obstacles while satisfying the design rules. In this paper, we are using simulated annealing routing method with Dijkstra's shortest path algorithm to provide the best path for each connection if it exists. The simulation results showed that by accepting some uphill movements based on Boltzmann probability function led to better results and yield to lower energy level. This suggests the technique is suitable for adoption into real problem.
Introduction
Routing in a PCB or VLSI design is the process of determining and prescribing paths between various electronic components in order to establish the connection between a given source node and its target. Routing in a modern chip is a notoriously difficult problem, and even the simplest routing problem, which consists of a set of two-terminal nets, is known to be NP-complete [1] . Since routing problem is very complex, this problem is usually split into two parts which is known as global routing and detailed routing in order to make it manageable. Global routing will tessellated the routing layout into an array of rectangular mesh and each mesh have variously referred to as grid cells, global routing cells, global routing tiles or bin. This process is as illustrated in Several methods has been proposed in the literature for two-terminal routing problem such as wave propagation method by Lee's [2] , line-search routing [3] [4] , A* search routing [5] and shortest path approach. Several improvements have been made to Lees's algorithm in terms of coding scheme [6] [7] , search space [8] and search algorithm [9] . Past research often used heuristics method such as simulated annealing to produce a set of sequence-pair in the global routing problem [10] . However, the routing area is not utilized with the placement of obstacles. Obstacles in the layout may represent blocks that are placed on the surface, some nets that are already laid out, active element and others. The presence of obstacles will complicate the problem. It limits number of communication links in the region; therefore the best path for a respective net might not be short. Moreover, each successful connection will block later paths. The problem will become more complex since our objective is to have the maximum possible number of paths in a routing region.
In this paper, we are solving routing problem in VLSI/PCB design with the presence of blocks with active pins on the boundaries which represent the obstacles in our problem. Shortest path method is used to generate the best path in order to meet our objectives requirement. Simulated annealing technique which is based on cooling theory in solid is used in solution refining procedure to provide better results.
The rest of the paper is organized as follows. Section 2 is the problem background. In Section 3, the routing model is discussed and in Section 4, simulated annealing routing algorithm was presented. Section 5 presents the simulation part under random data, and the performance is evaluated. Finally, Section 6 concludes the paper.
Problem Statement
In this problem, our routing region was assumed to be tessellated into pp  square cells, and each cell was assumed contained exactly one pin. With regard to wiring, we assumed that the locations of blocks with pins on the boundaries were specified. Supposed we were given a set of routing requirements, which consisted of two-terminal nets, with S and T as the source and target nodes, respectively, the ultimate goal of this routing problem was to maximize the number of nets routed and minimize total wire length. In order to do this, we first sought the maximum number of interconnecting structure for a set of nets, N for each layer(s) while minimizing the level of congestion throughout the region. The objective function for this problem was defined as 
A complete wiring on this SD-Torus network should obey the design rules and satisfy the necessary conditions as follows:
N , there must be exactly one connection only.
(iii) Each path can cross but should not overlap each other. (iv) Each connection will be made using the communication links with no specific direction. This allows for a simpler representation of the routing configuration, even though it reduces freedom during routing.
Routing Model
As a result of its importance to the industry, we were motivated to produce a significant method to perform optimal routing. Figure 2 illustrates the conceptual structure of a 99  rectangular mesh model with the locations of obstacles is predefined. For clarity, the illustration for all processing nodes is omitted. 

The position of blocks with active pins on the boundaries is predefined. Since, the blocks itself will become an obstacle, therefore the communication links in the entire blocks is become passive and each links is assigned as 99 in our program.
Other active edges held a value of 1 as its weight.
Each connection is independent of other connections.
 Each pin will belong to only one net.
Each pin could communicate with other pins in the left, right, upward or downward direction as long as the path did not overlap.
Only one pin could log data in a given sub-bus at a time. This operation was performed sequentially and depended highly on the net ordering. Therefore, earlier connection would block later paths.
Simulated Annealing Routing Algorithm
Routing algorithm will manage network traffic and determine the best route for to connect source node and destination node. Once a path is established, the path it takes will be blocked and cannot be used to route other pairs of nodes. This will increase the congestion inside the routing region and makes later route longer than optimal and sometimes impossible to complete, thus, increase the energy level throughout the network as well as the cost (mainly refers to link numbers).
A shortest path algorithm is crucial for this problem. It was important to have all nodes connected in the shortest way to reduce energy level and network cost. In addition, we could provide larger routing space to route the remaining nets, thus maximizing the number of successive nets in the layer. In this paper, we are using Dijkstra's algorithm as a tool to provide best path since all the weights in the graph is positive values.
Current sequential routing often applies heuristic methods to further refine the solution. Through these processes, the connections for some nets will be swapped and re-routed in a different order to improve the routing quality. In this research,
Blocks
Obstacle-aware routing problem in a rectangular mesh network 657 we applied a probabilistic method simulated by Metropolis et. al. and Kirkpatrick et al. [11] [12] called simulated annealing to produce better sequence. This algorithm has become a very useful tool in solving various combinatorial optimization problems.
This method was based on the theory of annealing in solids. The term simulated annealing was derived from the roughly analogous physical process of heating and then slowly cooled a substance to obtain a strong crystalline structure [11] . During the simulation, temperature was lowered gradually until the system 'froze' and no further change occurred. At each temperature, the simulation must proceed long enough for the system to reach a steady state or thermal equilibrium. This method avoids being trapped in local minima by accepting uphill movement sometimes. The acceptance was determined using Boltzmann probability function: 
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, proceed to Step 13.
, reject the sequence and repeat Step 7. 
Simulation Results
For obstacles-aware routing problem in rectangular pattern, our proposed algorithm has been implemented by using Microsoft Visual C++ 2010 [13] and run on a Intel Core2 Duo CPU 2.00GHz machine with 3GB Memory. Instead of maximizing number of routed nets in a layer, decrease the congestion level in the layer is also crucial. Thus, the overhead cost will be lower and the performance is improved. The energy level that has been using in this paper is derived from our objective function in (1) 
Suppose the given location of blocks with pins for 7 p  is as illustrated in Figure  3 and the net requirement is as follows: , , , , . N N N N N By using this sequence, the number of blocked nets is reduced, thus R is increased even though E is increasing too. However, as the process continues, the value of E will gradually lowered into an optimal and acceptable result. Notice that E reflects to the total length of wire needed to perform wiring and the complexity/congestion level in that routing region. Then, a simulation is performed on 99  rectangular array using our program called OAP. Three blocks of obstacles is placed inside the region which takes about 15% of the layout with 7 N  as shown in Figure 4 (a) and the result is summarized in Figure 4 
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The graph in Figure 4 (b) showed that our proposed algorithm able to route up to 6 nets out of 7 with 61 E  compare to previous best result of 5 R  and 51. E  This increment in energy level is due to the extra number of nets to be routed. However, as the program continues, the energy level will gradually decrease to an optimal and acceptable result. The program is then further tested on larger size of MESH with 11 p  , 18 pins and 9 N  as illustrated in Figure 5(a) . From the results in Figure 5(b) , the algorithm again succeeds in producing lower number of blocked nets. In this case, only one net has appeared to be blocked for connection. This problem can be easily overcome by introducing new layer to the region but is not discussed in this paper.
No swapping preference scheme is apply specifically in our proposed algorithm. However, for original MESH problem without obstacles, we notice that route shorter nets first often yield to better result. Since shorter nets will be routed in lowest cost too, therefore, more routing space is left for later nets yield to high number of R . However, it is not necessary to be true when applied into MESH with obstacles problem. This is due to the fact that the shortest way to route shorter nets might be long due to the presence of obstacles. For this problem, it has been noticed that routing longer nets first often yield to better results in comparison to shorter nets preference routing method. This is due There is no specific scheme for sequence-based routing method, and the task to find such of net ordering has proven to be NP-hard [14] .
Finally, another simulation was performed with varied obstacles distributions to emphasize the performance of this method. In this simulation, the placement of obstacles is increased gradually by 10% over 12 p  network size containing 144 processing nodes and value of R and E is recorded. In Case 1, 2 blocks of obstacles was first introduced with N=4 and the result is recorded. Then, an extra block is placed in the layout with another two extra nets added in each cases. The Obstacle-aware routing problem in a rectangular mesh network 661 result is as shown in Figure 6(a) . As the number of obstacles and number of nets to be routed increases, our program still able to perform complete routing until Case 3, but in Case 4 with 5 blocks and 10 nets, the maximum number of R achieved was 8 with 101. E  In this case, the routing layout become more congested but yet still produced a high number of R . Meanwhile, the congestion level for all cases is also kept minimum as possible. This is as illustrated in Figure 6(b) . Therefore, our proposed algorithm is proved to produce an optimal and acceptable results for most cases. The whole result is tabulated in Table 2 . Our proposed algorithm manages to produce high number of connections in various network sizes with less congestion level throughout the region. Therefore, it suggests that this method is suitable for adoption into real problem. 
Summary
An industrial PCB can have more than 7000 nets with 12 layers. This routing problem was previously routed manually and with the advances of technology, it can be solved in less than a second for small size network. This paper described an obstacles-aware routing problem. This routing graph can be modeled as ( , ) G N E , where graph N represents a set of processing nodes, and the element of graph T as the source and target nodes, respectively. In this paper, we proposed a method to maximize the number of connections in grid consisting of mesh-connected processing nodes with number of nets and the location of blocks with active pins on the boundaries is predefined. Each routed nets will become obstacles itself to other nets and this increase the complexity to route later paths. Here, we used annealing technique to further refine the sequence and produce better result. It avoids being trap at local minimum by accepting some uphill movements based on the Boltzmann distribution formula. The simulation results proved that, this method is able to produce considerably high number of routed nets even the placement of obstacles is introduced. Nevertheless, the energy level is kept minimized while maximizing number of R . Therefore, the congestion level inside the routing region is lower. This suggests that out proposed method is suitable for adoption into real problem.
